Introduction
There are few reports on modifications of the activities of mutagens by metal ions.In Salmonella typhimurium it has been reported that cupric ions enhance reverse mutations induced by ascorbic acid," cupric and ferric ions enhance the inhibition by ascorbate of reverse mutations induced by N-methyl-N'-nitro-N-nitrosoguanidine(MNNG),2)cadmium chloride shows a synergistic effect on the mutagenicity of methylnitrosourea or MNNG,3) and cobaltous chloride works as a potent antimutagen on the reverse mutations induced by 3-amino-1,4-dimethy1-5H-pyrido [4,3-b] -indole(Trp-P-1).4)Recently,mutagenic activity of the mixture of 9-aminoacridine and cobaltous chloride has been found to be much higher than that of 9-aminoacridine alone.5)In the previous report,6)we showed the enhancement by zinc acetate of deoxyribonucleic acid(DNA) binding and mutagenicity of 1-nitropyrene(1-NP) which is a nitropolyaromatic hydrocarbon found in diesel exhaust7) and coal combustion fly ash.8)The effect of metal ions on the binding to nucleic acids and proteins of nitroaromatic compounds which are mutagenic or carcinogenic has not been studied adequately.
In this report,we deal with the effect of several metal compounds including zinc chloride on the mutagenicity and DNA binding of 1-NP in S.typhimurium TA 100. Bacterial Strain Salmonella typhimurium TA100 used in the experiments was supplied by Dr.B.N.Ames (University of California,Berkeley).
Mutagenicity Test
The liquid preincubation method,10)a modification of the test described by Ames et was used.As described in the previous report,6) mixtures of overnight culture(0. Fig.5A .The elution pattern of DNA separated from the cells treated with chromium(VI),cobalt(II)or zinc(II)and with 1-NP is similar to that of DNA separated from the cells treated with 1-NP alone.The peak in the patterns of 3H-counts in DNA separated from the cells treated with the metal ions and 1-NP was observed to overlap with that of the absorbance at 260 nm,as shown in Fig.5B-5D . The 3H-counts was much higher than that in DNA separated from the cells treated with 1-NP alone.
Discussion
We found that pretreatment of the cells with potassium dichromate,cobaltous acetate and zinc chloride increased reversion mutation induced by 1-NP and the binding of 1-NP to DNA.These metal compounds had no significant effect on the incorporation of 3H-1-NP in the cells. Messier et al.171 showed that 1-NP was reduced to reactive metabolites which bound to DNA in intact cells of S.typhimurium. Lu et al.13) showed that the 105000 g supernatant of S.typhimurium TA 100 contained 1-NP nitroreductase activity.However,the addition of these metal compounds to whole cells or the enzyme sources in vitro had no significant effect on the nitroreductase activity under the experimental conditions tested.The metal ions or their complexes such as zinc and cobalt have been reported to transform the B-form of poly d(G-C) to the Z-form.18-20)Therefore,it is considered that they may alter the conformation of DNA to a form more capable of binding 1-NP. 1-NP-induced mutagenicity was increased by potassium dichromate,cobaltous acetate and zinc chloride,i.e.,the metal compounds that increased the binding of 1-NP to DNA. Therefore,the increased binding of 1-NP to DNA induced by the metal compounds may play an important role in the increased mutagenicity.The 1-NP-induced mutagenicity was not increased by nickelous acetate,and the amount of 1-NP binding to DNA was also not increased.Howard et al. 21 )have reported a good correlation between the extent of 1-NP binding to DNA and the frequency of induced histidine revertants in S.typhimurium.They have also reported that DNA-binding species are formed during the metabolic reduction of 1-NP and the major DNA adduct is N-(deoxyguanosin-8-yl)aminopyrene.
Zinc and magnesium ions are known to interact with nucleic acids and proteins that are cellular components.22-25)Therefore,the interaction of magnesium and zinc ions in the cells was examined in the preincubation mixtures by simultaneous addition.However,the addition of magnesium acetate had no effect on the increase of mutagenic activity of 1-NP caused by zinc ions under the experimental conditions tested.Iyehara-Ogawa et al.5)reported the combined mutagenicity of cobaltous chloride and heteroaromatic compounds in S.typhimurium.In contrast,Mochizuki and Kade reported the antimutagenic action of cobaltous ions on Trp-P-1-induced mutations in S.typhimurium,and in their experiment cobaltous ions were added to the mixtures after preincubation of the test system.In our experiment,the addition of metal ions including cobaltous ions was carried out before the preincubation of the cells with 1-NP in the reaction mixtures.By using rat liver S9 mixtures in the preincubation, both nitroreduction and ring-hydroxylation have been reported to affect the mutagenic activity of 1-NP toward S.typhimurium TA 100.26)However,under our experimental conditions without S9 mixtures production of ring-hydroxylated metabolites seems unlikely.
Under the experimental conditions tested,the revertant colonies were slightly increased by potassium dichromate,cobaltous acetate or zinc chloride alone.The number of revertant colonies induced by each metal compound and 1-NP under our experimental conditions appears to be more than the sum of those induced by metal compound alone and 1-NP alone. The pretreatment of the cells with nickelous acetate,cadmium acetate and chromium(III) nitrate did not increase the number of revertant colonies induced by 1-NP.The number of revertant colonies induced by cadmium acetate alone was higher than the spontaneous number(control),but there was no additive effect with 1-NP.The number of revertant colonies induced by cadmium acetate and 1-NP was similar to that with 1-NP alone,while the surviving colonies were found to decrease markedly in the case of cadmium acetate treatment. Under our experimental conditions,cadmium acetate appears to suppress the revertant colonies induced by 1-NP.Mandel and Ryser3)have reported that the frequencies of mutation induced by MNNG and methylnitrosourea in S.typhimurium TA 1975 and TA 1535 are increased in the presence of cadmium chloride.Dubins and LaVelle27)have reported the potentiation of mutagenesis of ethyl methanesulfonate and methyl methanesulfonate by nickelous chloride in S.typhimurium TA 100.They suggest that nickel(II)acts directly as a comutagen.On the other hand,no increase of 1-NP-induced revertant colonies by nickelous acetate was found.Under our experimental conditions nickelous acetate did not appear to act as a comutagen.
